OBJECTIVE -The role of general practice and diabetes clinics in the management of diabetes is still a matter of debate. Methodological flaws in previous studies may have led to inaccurate conclusions when comparing the care provided in these different settings. We compared the care provided to type 2 diabetic patients attending diabetes outpatient clinics (DOCs) or being treated by a general practitioner (GP) using appropriate statistical methods to adjust for patient case mix and physician-level clustering. RESULTS -Differences for most process measures were statistically significantly in favor of DOCs. The differences were more marked for patients who were always treated by the same physician within a DOC and if that physician had a specialty in diabetology. Less consistent differences in process measures were detected when patients followed by GPs were compared with those followed by physicians with a specialty other than diabetology. As for the outcomes considered, patients attending DOCs attained better total cholesterol levels, whereas no major differences emerged in terms of metabolic control and blood pressure levels between DOCs and GPs. Physicians' specialties were not independently related to patient outcomes.
T he long-lasting debate on the role of generalists and specialists in the management of diabetes is still unresolved. Nonetheless, the constant increase in the demand for diabetes care and the need for providing adequate and homogeneous levels of care call for a deeper understanding of those structural and organizational characteristics that can play an important role in reaching the desired health outcomes while minimizing unnecessary costs.
Studies have consistently shown that specialist care is associated with better process outcomes in type 1 diabetes (1). However, the few existing studies in type 2 diabetes have generally found that although specialists tend to perform better in process measures than generalists, there are no substantial differences in terms of outcomes (2) (3) (4) (5) (6) .
It has been recently underlined that to make accurate comparisons of quality of diabetes care between specialty groups, it is of fundamental importance to account for the differences in patient characteristics (case mix) as well as for the physicianlevel variation (clustering) (5, 7) . Studies that fail to take these important methodological aspects into account may lead to spurious conclusions when comparing the care provided by generalists and specialists.
Within the context of a nationwide outcomes research program in type 2 diabetes, we evaluated the care provided during a 2-year period to patients attending diabetes outpatient clinics (DOCs) or being followed by general practitioners (GPs). Our study involved a large number of GPs and DOC physicians and offered the opportunity to compare the quality of diabetes care provided by generalists and specialists while accounting for patient case mix and physician-level clustering.
RESEARCH DESIGN AND METHODS
The Italian health care system All Italian citizens are covered by a government health insurance and are registered with a GP. Primary care for diabetes is provided by GPs and in DOCs. Patients can choose one of these two ways of accessing the health care system according to their preferences or they can be referred to DOCs by their GPs. The DOCs are usually staffed by diabetologists, internists, and/or endocrinologists, who are primarily responsible for diabetes care; other specialists (e.g., ophthalmologists, cardiologists) may also practice part time in the clinic. Given the existence in Italy of a specialty in "diabetes and metabolic disorders," the term "diabetologist" refers only to a physician with such specific training. In some DOCs, patients are always cared for by the same specialist, whereas in other clinics patients can be seen by different physicians on different occasions.
Study design
The study involved 212 physicians practicing in 125 DOCs and 103 general practice offices. Details on the study design and sampling of physicians have already been reported elsewhere (8 -10) .
Briefly, all patients with type 2 diabetes (adult onset of disease, fasting venous plasma glucose concentration Ն7.8 mmol/l on at least two separate occasions, diabetes not requiring insulin treatment at diagnosis) were considered eligible for this project, irrespective of age, duration of diabetes, and treatment. In diabetes clinics, patients were sampled using random lists, stratified by patient age (Ͻ65 or Ն65 years). Each center was asked to recruit at least 30 patients, whereas GPs enrolled all consecutive patients for whom they were primarily responsible for diabetes care, up to a maximum of 10 patients. Patients were enrolled between March 1998 and December 1999.
Clinical information was abstracted from clinical records by the participating physicians and reported in ad hoc forms. Data were collected at baseline and 6-month intervals. Patients are being followed for 5 years; the present analysis refers to data collected during the first 2 years.
All recruited patients were requested to fill in a questionnaire regarding the presence and severity of diabetes complications and comorbidities and the SF-36 Health Survey. The presence and severity of diabetes complications and comorbidities were summarized using the Total Illness Burden Index (TIBI), a widely used comorbidity measure specifically developed for diabetic outpatient populations (11) .
Based on the recommendations of the American Diabetes Association (12), we identified process measures that could be considered as representative of quality of diabetes care. Process measures included frequency of HbA 1c , lipid profile (total and HDL cholesterol, triglycerides), microalbuminuria, and serum creatinine measurements and frequency of foot and dilated eye examination. Although blood pressure measurement is an important process indicator, we did not consider it as all patients had at least two measurements per year.
We defined the assessment of HbA 1c as adequate if at least two measurements per year were performed, whereas all other process measures were considered appropriate if at least one measurement/ examination per year was performed.
We To compare the two settings of care, for each process and outcome measure we used three regression models to calculate estimated odds ratios (ORs) and 95% CIs. In the first model, we estimated unadjusted ORs. In the second model, ORs were adjusted for patient caseϪmix variables, including age, sex, school education, BMI, duration of diabetes, treatment of diabetes, TIBI, and physical functioning, as measured by the specific 10-item SF-36 subscale. In the third model, to account for the multilevel nature of the data (patients clustered within physician or practice) and to control simultaneously for the possible confounding effects of the different variables, we used multivariate multilevel logistic regression models (13, 14) .
Because the clustering effect within practices could be more relevant for those patients always followed by the same physician within a clinic, we ran additional analyses on this subgroup. In particular, we tested whether being followed by a GP or always by the same physician practicing in a DOC had an impact in terms of process and outcome measures. Moreover, we also tested whether the specialty of the physician played a role (GP versus endocrinologists, diabetologists, internists, or other specialists).
For process measures, an OR Ͼ1.0 indicated a higher probability to perform the exam or the measurement for patients cared for in DOCs as opposed to those followed by GPs. For intermediate outcome measures, an OR Ͼ1 indicated a higher likelihood to present adequate/ inadequate values for patients cared for by DOCs as opposed to those followed by GPs.
All the analyses were performed using SAS Statistical Package version 8.2 (SAS Institute, Cary, NC). Multilevel logistic regression was performed using the SAS language macro routine GLIMMIX.
RESULTS -Overall, 3,437 patients were enrolled, of whom 2,658 were recruited by DOCs and 779 by GPs. Of the 3,437 subjects, 2,130 were always followed by the same physician. In DOCs, 31% of the physicians were diabetologists, 15% were internists, 38% were endocrinologists, and 16% were either from other specialties (10%) or had no further training (6%).
Patients' characteristics according to the setting of care are shown in Table 1 . Patients seen by GPs tended to be older, be female, have a shorter diabetes duration, and have hypertension or dyslipidemia, whereas those followed in DOCs were more likely to be treated with insulin and to suffer from retinopathy and neuropathy. Overall, patients seen in the two settings did not significantly differ in terms of physical functioning and severity of clinical conditions, as expressed by the TIBI score.
The percent of patients conforming with process measures are reported in Table 2. Statistically significant differences in favor of patients treated by DOCs were found for HbA 1c , HDL cholesterol, and microalbuminuria testing, as well as for foot and eye examinations. The differences in the percent of patients conforming with process measures were even more marked when the comparison was restricted to patients always seen by the same physician ( Table 2) .
As for outcome measures, more DOC patients showed satisfactory blood pressure and total cholesterol values compared with those seen by GPs, whereas high total and LDL cholesterol levels were found more often among patients cared for by GPs. Similar figures emerged when analyzing patients always seen by the same physician (Table 2) .
Results for unadjusted, case-mix adjusted, and both case-mix and physician levelϪclustering adjusted ORs are shown in Table 3 . In the whole sample, adjustment for patient case mix did not substantially modify the results, confirming that patients followed by DOCs and GPs had similar health conditions. Accounting for physician-level clustering increased all the ORs relative to process measures, except for microalbuminuria testing and foot examination. The statistical significance was achieved for HbA 1c , HDL cholesterol, triglycerides, serum creatinine, and microalbuminuria measurements and for eye examination.
As for the outcome measures considered, after accounting for case mix and physician-level clustering, patients treated in DOCs still showed a higher P values refer to 2 test. *All patients followed by DOCs; †only patients always followed by the same physician within DOCs.
probability of having adequate total cholesterol levels (Յ5.18 mmol/l). On the other hand, the difference in the proportion of patients with inadequate total and LDL cholesterol levels and with adequate blood pressure levels were no longer significant.
To better evaluate the role of physician-level clustering, the analyses were repeated after excluding patients followed by different physicians within the same structure. Even in this analysis, the adjustment for physician-level clustering substantially increased ORs for most of the process measures considered, confirming their statistical significance, with the only exception being foot examination ( Table 3) .
As far as outcomes measures are concerned, the only statistically significant difference found referred to patients with adequate total cholesterol levels. The additional analyses on health care delivery modalities within DOCs and according to physician specialty offered important additional information. In particular, being followed by different physicians within DOCs was associated with performance rates of the different process measures similar to those of GPs, with the only exception being higher rates of patients conforming with HbA 1c measurement (clustering-and case mixϪadjusted OR 2.55, CI 1.51-4.30) and eye examination (OR 2.09, CI 1.32-2.30). No difference was found for any of the outcome measures considered.
Quality of diabetes care for patients treated by GPs or always followed by the same physician in DOCs was further differentiated when the specialty of physicians practicing in DOCs was taken into account. Case mixϪ and clusteringadjusted ORs for process measures are reported in Fig. 1 , with patients followed by diabetology specialists as the reference category. Diabetologists performed significantly better than GPs on all process measures considered. Differences between GPs and the other specialists practicing in DOCs were less consistent; in fact, no statistically significant difference emerged for lipid monitoring and foot examination between those groups, whereas internists tended to perform better than GPs in terms of HbA 1c measurement (OR 8.11, 58 -5.37 ). Within DOCs, the proportion of patients conforming with HbA 1c measurement was significantly lower among those treated by endocrinologists compared with diabetologists. Similarly, the proportion of patients who received at least one eye examination per year was significantly lower for patients cared for by specialists in internal medicine or with other specialties as compared with those treated by diabetologists.
As for the outcomes considered, no statistically significant difference related to physician specialty emerged (Fig. 2) . CONCLUSIONS -Our study involved a large number of GPs and physicians practicing in DOCs and offered an important opportunity to compare the quality of diabetes care provided by generalists and specialists using appropriate statistical techniques (5, 15) .
Overall, the performance of Italian physicians participating in the project was very similar in terms of process measures to that reported in other studies conducted in the U.S. comparing generalists with specialists (4 -6,16) . As for the outcomes considered, good metabolic control was attained in the vast majority of patients, with only 26% showing HbA 1c values Ͼ8%. Control of cardiovascular risk factors was less satisfactory, with 65% of the patients showing total cholesterol levels Ͼ5.18 mmol/l and blood pressure levels Ն140/90 mmHg.
We found several differences between generalists and specialists for both process and outcome measures, despite the fact that patients followed in the two settings did not differ in terms of overall disease severity and functional status. This substantial similarity in the overall clinical conditions is the result of a mix of favorable and unfavorable characteristics for the patients cared for by GPs as compared with those followed in DOCs. The lack of major clinical differences was confirmed by the analyses adjusted for patient case mix, which did not modify specialty differences found for process and outcomes measures.
Physician levelϪclustering adjustment showed that all the process measures were performed significantly more often by physicians practicing in DOCs than in general practice offices, particularly when the analysis was restricted to those patients always cared for by the same physician. The latter finding suggests that modalities of health care delivery within DOCs can influence quality of care. In fact, only minor differences in process measures emerged when comparing patients followed by GPs with those followed by different physicians within a same DOC.
Our results were consistent with those reported in the existing literature indicating that specialists are more resource intensive than generalists and adhere to process of care guidelines more closely (4 -6) . Nevertheless, it is not possible to exclude the possibility that reasons other than physician attitude can be at least partially responsible for our findings. One possibility is that patients followed by GPs could have less access to the testing facilities that are easily available in DOCs, which are usually located within hospitals. This could be particularly true for older individuals living in rural areas, for whom the access to testing facilities and DOCs might represent a major problem. It is also possible that patients cared for by specialists prefer a more aggressive style of care and thus could be motivated in having their tests completed. Therefore, the differences in process measures documented in our study could be at least partially attributed to differences in the study populations not captured by casemix and clustering adjustment.
The evaluation of physician specialty added another important element in comparing diabetes care provided by generalists with that by specialists. In fact, diabetologists performed consistently better than GPs for all the process measures considered, whereas the differences between GPs and the other specialists practicing in DOCs tended to be less marked and not systematic. As for the outcomes measures considered, satisfactory total cholesterol levels were obtained more often in DOCs than in general practice offices, irrespective of the specialty of physicians practicing in DOCs.
Process measures have been criticized as often lacking strong links to outcomes (17) . From this point of view, it is of particular interest to note that more frequent monitoring of blood lipids in patients attending DOCs was also associated with a higher proportion of patients with satisfactory total cholesterol levels. This finding is further supported by the higher proportion of dyslipidemic patients treated with cholesterol-lowering drugs in DOCs as compared with treatment received in general practice offices (51 vs. 42%; P ϭ 0.03). On the other hand, a significantly higher frequency of HbA 1c monitoring in DOCs was not associated with better outcomes in terms of metabolic control. We have previously shown that personal attitudes and beliefs of the individual physician, rather than physician specialty or setting of care, influence metabolic control (8) . Furthermore, it is also possible that patients who are more difficult to manage in terms of metabolic control are referred to specialists by GPs.
Our study also offered interesting methodological hints. In a previous study, it has been shown that the failure to account for physician-level clustering could lead to overestimation of the statistical significance of the groups being compared (5) . We have documented that the use of inappropriate statistical techniques can also lead to underestimation of the differences when comparing generalists with specialists. In fact, some nonstatistically significant unadjusted differences between the two settings (i.e., triglycerides and serum creatinine measurements) ( Table 3 ) became statistically significant once the physician-level variation was taken into account.
Some of the potential limitations of our study need to be discussed. First, physicians were selected according to their willingness to participate in the project. They could thus represent those clinicians, particularly GPs, who are more interested in diabetes care and therefore not be reflective of diabetes care delivered by Italian physicians in general. From this point of view, the differences documented in our study could be underestimated and the true variability in process and outcomes measures could be even greater.
Second, some of the differences in process measures could be related to disparities in the accuracy of reporting. Nevertheless, the consistency of our findings across the whole spectrum of measures considered strongly suggests a true difference in physicians' performance.
Finally, because of the relatively short period of observation, we could select only intermediate outcome measures. It is therefore not clear to what extent the noted differences could determine different outcomes in terms of major clinical events in the long term. The analysis after the completion of the 5-year follow-up will allow a deeper understanding of the relation between process and major outcomes.
In conclusion, our findings suggest that being followed always by the same physician practicing in a DOC, particularly if the physician has a specialty in diabetes, ensures better quality of care in terms of process measures. In the short term, care provided by specialists was also associated with better intermediate outcome measures, such as total cholesterol levels. Because of the short period of observation, we could not document whether long-term outcomes were also affected.
The increasing number of patients with diabetes, together with the progressive rise in demand for diabetes care stemming from increased life expectancy, call for an efficient and coordinated health care delivery. In this respect, the involvement of general practice represents a crucial aspect. Therefore, more attention should be paid to minimizing quality of care differences, decreasing unnecessary and inappropriate care, improving the referral process for patients with complicated conditions, and promoting a comanagement and teamwork approach to diabetes care. To this end, an important first step is to ensure that the same level of care is provided by physicians with a diabetes specialty. Unfortunately, no single approach has been shown to be effective for all physicians in changing their practice. Multiple interventions, including educational programs, practice guidelines, financial incentives, regulatory measures, and total quality management techniques are likely to enhance physician performance (18) . The ongoing transformation of general practice in Italy, moving from solo practice to group practice and the reorganization of team function and practice systems (e.g., appointments and follow-up) to meet the needs of chronically ill patients will also represent an important step forward in improving the standard of diabetes care. Finally, the recent implementation of shared information systems that allow a bidirectional information flux between generalists and specialists will greatly facilitate the interaction between the different health care providers while ensuring the continuity of diabetes care.
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